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BACKGROUNB/RATIONALE:

PRILOSEC®(omeprazole) (5-methoxy-2-{ {(4-methoxy-3,5-dimethyl-2-pyridinyl)-methyl}
sulfinyl}-1H-benizimidazole) is a highly specific and effective inhibitor of gastric acid secretion.
Omeprazole has been approved for marketing in the US since 1989. In addition, omeprazole, in
combination with clarithromycin, received US approval (1996) for the short-term treatment of
patients with H. pylori infection to reduce the risk of duodenal ulcer (DU) recurrence.

This application provides for the use of omeprazole in combination with amoxicillin and
clarithromycin for the eradication of A. pylori infection in patients with duodenal ulcer disease.
This application does not provide for a new dosage form nor does it seek a change in the
packaging of any of the elements of the regimen. »

The dosage regimen studied in the present application is omeprazole 20 mg bid in combination
with amoxicillin 1000 mg bid and clarithromycin 500 mg bid for 10 days in eradicating H. pylori
infection in patients with duodenal ulcer disease, and thus, reducing the risk of duodenal ulcer
recurrence. In patients with an ulcer present at the time of initiation of therapy, an additional 18
days of PRILOSEC 20 mg once daily is recommended for ulcer healing and sysmptom relief.

OMEPRAZOLE:

PRILOSEC Delayed-Release Capsules contain an formulation of
omeprazole (because omeprazole is acid-labile), absorption of omeprazole begins only after the
granules leave the stomach. Absorption is rapid, with peak plasma levels of omeprazole
occurring withir hours. Peak plasma concentrations of omeprazole and AUC are
approximately proportional to doses up to 40 mg, but because of a saturable first-pass effect, a
greater than linear response in peak plasma concentration and AUC occurs with doses greater

than 40 mg. Absolute bioavailability is about at doses of 20-40 mg, due in large part to
presystemic metabolism. In healthy subjects, the plasma half-life is hour and the total body
clearance is _ mL/min. Protein binding is approximately 95%.

Following a single oral dose of a buffered solutién of omeprazole, little if any unchanged drug
was excreted in urine. The majority of the dose (about 77%) was eliminated in urine as at least
six metabolites. Two were identified as hydroxyomeprazole and the corresponding carboxylic



acid. The remainder of the dose was recoverable in feces. This implies a significant biliary
excretion of the metabolites of omeprazole. Three metabolites have been identified in plasma as
the sulfide and sulfone derivates of omeprazole, and hydroxyomeprazole. These metabolites
have very little or no antisecretory activity.

AMOXICILLIN: »

Amoxcillin is stable in the presence of gastric acid. It is rapidly absorbed after oral
administration. The half-life of amoxicillin is 61.3 minutes. Most of the amoxicillin is excreted
unchanged in the urine. Amoxicillin is not highly protein-bound. Orally administered doses
result in average peak blood levels 1 to 2 hours after administration. Detectable serum levels are
observed up to 8 hours after an orally administered dose. Approximately 60% of the dose is

excreted in the urine within hours.

CLARITHROMYCIN:

Clarithromycin is rapidly absorbed from the gastrointestinal tract after oral administration. The
abolute bioavailability of 250 mg clarithromycin tablets was approximately 50%. Food slightly
delays both the onset of clarithromycin absorption and the formation of the antimicrobially active
metabolite, 14-OH clarithromycin, but does not affect the extent of bioavailability. Peak
concentrations were attained within 2 hours after oral dosing. Steady-state peak serum
clarithromycin concentrations were attained in 2 to 3 days. The elimination half-life of
clarithromycin was " hours with 500 mg administered every 8 to 12 hours. With a 500 mg
every 8 to 12 hours dosing, the peak steady-state concentration of 14-OH clarithromyecin is
slightly higher, and its elimination half-life is about ~ hours. Its steady-state concentration is
attained within 2 to 3 days. At the 500 mg dose every 12 hours, the urinary excretion of
clarithromycin is approximately 30%. The renal clearance approximates the normal glomerular
filtration rate.

SUMMARY OF STUDIES:

Studies I-1238 and I-1221 indicated that the bioavailability of amoxicillin (AUC and C,,,, Ywere
similar when amoxicillin was given alone or concomitantly with omeprazole. Omeprazole mean
AUC when given alone was equivalent to the mean omeprazole AUC when given concomitantly
with amoxicillin. Therefore, amoxicillin and omeprazole are similarly bioavailable when
administered alone or in combination. Whereas, when omeprazole was given in combination
with clarithromycin, the steady state plasma concentrations of omeprazole were increased. Also,
the plasma levels of clarithromycin and 14-hydroxy-clarithromycin were increased by the
concomitant administration of omeprazole. Most of amoxicillin is excreted unchanged in the
urine with an elimination half life of 61.3 minutes while clarithromycin is metabolized by the
cytochrome P450 system into its antimicrobially active metabolite, 14-hydroxy-clarithromycin.
Therefore, based on having independent elimination pathways, it is unlikely that any potential
inhibition of amoxicillin metabolism by clarithromycin would have a significant impact on
amoxicillin pharmacokinetics, or vise versa. The mean plasma concentrations of omeprazole
was higher when omeprazole, amoxicillin, and clarithromycin were administered concomitantly,

2



This resulted in a two-fold increase in mean AUC and a 68% increase in mean C,,,.. The t,, of
omeprazole was also slightly longer (32%) while the T,,,, did not seem to be altered Also, the
mean plasma concentrations of amoxicillin after triple drug administration seemed to be slightly
higher than those obtained after administration of amoxicillin alone. Accordingly, the mean C,,,
and AUC of amoxicillin were % higher. The mean concentrations of clarithromycin and of
14-hydroxyclarithromycin both seemed to be slightly higher during triple drug administration
than during administration of clarithromycin alone. The C,,, and the AUC of 14-
hydroxyclarithromycin were approximately 30% higher dunng triple drug treatment than during
single drug administration.

GENERAL COMMENTS:

1. The sponsor submitted studies evaluating the European formulations Losec, Imacillin and
Bremon. No information was submitted on the composition and components of these dosage
forms and how they differ from those marketed in the US.

2. The sponsor did not submit in-vitro dissolution data to compare the European formulations
studied to the US formulation composition.

3. Limited assay validation was submitted.

4. Some flaws were found in the protocol and report of the pivotal study.

5. We had a teleconference with the sponsor on April 1, 1998 to request the submission of a
revision for the pivotal study SH-OMH-0016. In addition, we requested quantitative formulation
composition and in-vitro dissolution profiles for each drug, and quality control/validation data
for all the studies. The sponsor’s submission of April 10, 1998 was a response to our telecon. It
contained partial amendment of study protocol SH-OMH-0016, partial bioanalytical assay
quality control data for study SH-OMH-0016. The analytical validation and quality control data
submitted for study I-1221 and I-1214 was only for the determination of one of the drugs studied
(amoxicillin). .

6. Clarithromycin and omeprazole are approved. To date, there has been no major clinical
adverse event from coadministration of 40 mg omeprazole and 500 mg clarithromycin.

7. Literature search revealed no major interaction between amoxicillin and clarithromycin or
omeprazole

8. Adverse events from current clinical trials in support of the NDA were mainly diarrhea,
headache, taste perversion, flatulence, and respiratory infection.

9. All three drugs have been individually approved in the past. Two drugs (clarithromycin and
omeprazole) have been used together for the same indication as sponsor.is seeking in this NDA.
Therefore, the addition of amoxicillin, the third drug, to this regimen is not expected to produce
drastic pharmacokinetics interaction because amoxicillin is eliminated renally, whereas
clarithromycin and omeprazole are metabolized by the liver.

LABELING COMMENTS: Because of lack of adequate information on the assay quality
control as well as How the formulations studied compare to the US formulations, study SH-
OMH-0016 and other studies are not found acceptable. Thus, the results from these studies can
not be used in the label. -



The following are the labeling comments:
1. Changes to the Clinical Pharmacology section.
Page 107, 2nd paragraph should read:

2. Changes to the Precautions section
Page 117, paragraph 6 should read:

RECOMMENDATION:
The submitted data in the (Human PK and BA section of NDA 20-916) has been reviewed and

was not found acceptable (see General Comments). However, the approval of NDA 20-916 is
supported based on the clinical use history of these agents (Gencral Comments # 8&9). Please
pass the labeling comments to the sponsor.
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TITLE: Interaction Between Amoxicillin and Omeprazole During Combination Therapy in
Helicobacter Pylori Positive Subjects (Protocol No. I-1238; Vol. 4; pp. 006-001-017 to 006-001-
226)

INVESTIGATOR:

OBJECTIVES:

L. To investigate the possible pharmacokinetic interaction between amoxicillin and
omeprazole when the two drugs were administered simultaneously.

2. To investigate the possible correlation between the bioavailability of amoxicillin and the
24-hour intragastric pH-profiles obtained during omeprazole treatment.

SUBJECTS:
Twenty-four healthy male subjects with Helicobacter pylori infection were to be included. Drop-
outs were to be replaced to have 24 subjects completing the study.

STUDY DESIGN:

This was a three-way cross-over double-blind design using double-dummy technique.
Amoxicillin and omeprazole were administered alone and in combination. The subjects were
randomized to one of 6 possible treatment sequences, with four subjects in each sequence. Each
period was separated by a wash-out period of 4 weeks. A 24-hour intragastric pH-metry and a
simultaneous determination of serum amoxicillin and omeprazole profiles were performed at
steady state in-each period. A baseline 24-hour pH-metry was performed at the end of a run-in
period on placebo treatment. ‘

FORMULATIONS:
Omeprazole (Losec® Astra AB, Sodertilje), capsules (sizel) containing 40 mg, as
Batch No. H743-2-4-4, dispensed in capsules, were taken orally.

Omeprazole-placebo capsules, (size 1), Batch No. H761-2-3-3, were taken orally.

Amoxicillin (Imacillin® Astra AB, Sodertilje) 750 mg tablets, Batch No. H783-2-2-1, were
taken orally.

Amoxicillin placebo tablets, Batch No. H784-2-2-1, were taken orally.

The omeprazole/placebo capsules and amoxcillin/placebo tablets were packed in appropriately
labelled blister packs, one for each subject containing 14 capsules, and 14 tablets each.
Omeprazole/placebo capsules as well as amoxicillin/placebo tablets were taken twice daily, once
in the morning before breakfast and once in the evening approximately 12 hours after the
morning dose of omeprazole, for 5 days.
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SAMPLE COLLECTION:

Blood samples (5 mL) for determination of amoxicillin and omeprazole in serum were collected
beforeand 0.5, 1,1.5,2,3,4,5,6, 8,10, 12, 12.25,12.50, 13, 13.5, 14, 15, 16, 18, 20, 22, 23
hours after administration.

ANALYTICAL METHODS:
HELICOBACTER PYLORI STATUS
The breath samples was analyzed by

. The increased amount in "*C in the expxred Co,
was evaluated. A subject was regarded as H. Pylon positive if the increase in '*C was more than
5 pro mil in the "*C-urea breath test.

INTRAGASTRIC PH-METRY
The intragastric pH-metry was performed with a pH sensitive glass electrode
. The electrode was calibrated in buffers of pH 7 and 1. The tip of the
electrode was posmoned in the fundus corpus region approximately S cm distal to the cardia.
The correct position was controlled by fluoroscopy. Data sampling was done with a solid state

data recorder

OMEPRAZOLE AND AMOXICILLIN

The serum samples were analyzed for omeprazole (BA-222) and amoxicillin (BA-225) at
Bloanalyncal Chemistry at Astra Hissle AB, usinga _ method.

Method is referenced as an article no data was provided on validation or qualny control. Article:
Lagerstrém P-O, Persson B-A. Determination of omeprazole and metabolites in plasma and urine
by _ /. J Chromatography 1984; 309:347-356.

PHARMACOKINETIC/ DATA ANALYSIS:

The area under plasma concentration(AUC) vs. Time curve for the dosing interval was calculated
from zero time to the last detectable sampling point (tn). The AUC was calculated according to
the linear trapezoidal method over a 24-hour period (study day) and was expressed as nmol*h/L.
C.., and T,,, were also assessed. If C,, occurred at more than one measurement, the time to the
first measurement with C,,, was used.

The analyses of AUC and C,,, were performed in an ANOVA model with fixed factors for
treatment and period and sequence and a random factor for subjects within sequence. The least
squares estimates of the treatment differences between single and combination treatment for
omeprazole and amoxicillin with respect to log(AUCO-tn) and log(C,,,) were calculated.
Confidence intervals with a confidence level of 90% were calculated as the estimates + the 0.05
t-quantile multiplied by the standard error of the estimate.

PHARMACODYNAMIC/ DATA ANALYSIS:

The correlation between the pH median and AUC of amoxicillin when administered in
combination with omeprazole was estimated using Pearson’s product-moment correlation. The
hypothesis of zero correlation was tested using Student’s t-distributions.



RESULTS:

Of the 36 subjects randomized into the study, 35 entered the run-in period, 6 never took the study
drug and thus 29 subjects remained for “All subjects treated” analysis of adverse events. Two
subjects violated the study protocol and 27 subjects were included in the “Per protocol” analysis.
Subject No. 8 discontinued due to negative UBT-test at visit 6. Subject No. 15 took a drug,
which was not allowed according to the protocol, and was therefore excluded from the study.

PHARMACOKINETICS EVALUATION OF OMEPRAZOLE AND AMOXICILLIN

The least squares estimates with 95% confidence intervals for the treatment effect with respect to
AUC ., and C,,,, of omeprazole and amoxicillin alone or in combination are shown in Table 3
and 5. The least squares estimates of the treatment ratios with respect to AUC (., and C,, of
omeprazole and amoxicillin are shown in Table 4 and 6. No significant period or sequence
effects were found for AUC (o, and C,,, for either omeprazole (p=0.31,0.36) or amoxicillin
(p=0.25,0.75) ’

OMEPRAZOLE ~ _
The least squares estimates with 95% confidence intervals for the treatment effect with respect to

omeprazole AUC 4., (nmol*h/L) and C,,,, (nmol/L) of omeprazole are shown in Table 3. The
confidence interval for the mean ratio with respect to AUC _,, of omeprazole is within the limits

[0.8, 1.25] for bioequivalence | (Table 4). Conceming C,,,, the confidence interval for
the treatment ratio is not included in " and is not within the limits for bioequivalence (

) (Table 4).
AMOXICILLIN

Least squares estimates with 95% confidence intervals for amoxicillin AUC 4, and Cp,, of
amoxicillin are shown in Table 5. The 90% confidence intervals for the mean ratio with respect
to AUC ., and C,,, of amoxicillin are within the limits [0.8, 1.25] for bioequivalence

~ respectively. (Table 6).

PHARMACODYNAMIC EVALUATION .
No correlation was found between pHmed and AUC, ., of amoxicillin when administered in
combination with omeprazole (Correlation 0.1414, p-value 0.5002).

DISCUSSION: Omeprazole in high doses did not influence the bioavailability of amoxicillin.
The bioavailability in terms.of AUC and C,,, was equivalent when healthy volunteers were
given amoxicillin alone or amoxicillin in combination with omeprazole. The statistical analysis
was based on the estimates of the ratios between amoxicillin and amoxicillin combined with
omeprazole with respect to AUC and C,,, and 90% confidence intervals. Amoxicillin alone was
bioequivalent with amoxicillin in combination with omeprazole, since the 90% confidence
intervals for both AUC and C_,, were within the limits [0.8, 1.25] established for bioequivalence.
In terms of AUC omeprazole alone was bioequivalent with omeprazole in combination with
amoxicillin, since the 90% confidence intervals were within the bioequivalence limits;
bioequivalence could not be shown for C,,,. However, for omeprazole AUC is considered to be
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the important variable in determining the acid secretion control. It is unclear, whether the lower
omeprazole AUC after the evening dose was due to a reduced absorption, or to an increased
metabolism of the drug. As the stomach was hypoacidic at the momning and the evening
administration, it is unlikely, that the lower serum concentrations at night were caused by acid
degradation of omeprazole.

Irrespective of treatment group, 26 AEs were reported for a total of 13 subjects. Four AEs were
reported for three subjects given omeprazole, six AEs were reported for four subjects given
amoxicillin and 16 AEs were reported for six subjects given the combination omeprazole and

amoxicillin.
CONCLUSIONS: Data from the study showed that no pharmacokinetic interaction between
omeprazole and amoxicillin because both drugs were bioequivalent when administered in

combination as compared to administration alone. Also, the intragastric pH does not influence
the bioavailability of amoxicillin. However, because assay validation and quality control data is

not available, the study is not acceptable.

APPEARS THIS WAY
ON CRIGINAL
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TITLE: Bioavailability of Antibiotics after Single Oral Administration of Amoxicillin,
Erythromycin, Phenoxymethylpencillin and Roxithromycin before and after Treatment with
Omeprazole (Study No. I-1221; Vol. 4; pp.006-001-227 to 006-001-280)

INVESTIGATOR: Robert Bergstrand, MD, Ph.D., Astra Hissle AB, S-413 83 Mdlndal,
Sweden.

OBJECTIVES:

1. To assess the plasma concentration of amoxicillin, erythromycin,
phenoxymethylpenicillin or roxithromycin after single oral administrations of the drugs.

2. To evaluate the influence of the intragastric pH on the stability of the antibiotics by
administering the antibiotics with and without concomitant omeprazole treatment.

SUBJECTS: Eight healthy male subjects were included.

STUDY DESIGN: The study was conducted as a six week single blind, randomized trial
consisting of 8 investigational periods in which 4 antibiotics: amoxicillin, erythromycin base,
phenoxymethylpenicillin and roxithromycin were given orally during placebo and concomitant
treatment of omeprazole 40 mg twice daily. The study was performed as a two way cross over
study with respect to omeprazole i.e. half of the subjects received omeprazole and half received
placebo the first week. Within each period, the antibiotics as well as the omeprazole was
administered in a Latin square design, balanced for residual effects. Each investigational period
involving roxithromycin was followed by a wash-out period of at least six days and a minimum
of two days passed between the three other periods involving the other antibiotics. Blood
samples were collected over 12-hour period.

FORMULATIONS:

Omeprazole (Losec®, Astra AB, Sédertilje) 20 mg each, was given orally as enteric coated
granules, dispensed in hard gelatin capsules. Batch number: H431-13-5-3.

Placebo capsules, identical in appearance to the omeprazole capsules, were used. Batch number:
H459-6-3-2.

Amoxicillin (Imacillin®, Astra AB, Sédertilje) 750 mg each, was given orally as tablets. Batch
number: H783-3-1-1.

Erythromycin Base (Astra AB, Sodertilje) 250 mg each, was given orally as uncoated granules
dispensed in hard gelatine capsules. Batch number: H 1030-2-1-1.

Phenoxymethylpencillin (Kavepenin®, Astra AB, Sodertilje) 1 g each, was given orally as
tablets. Batch number: H 1042-1-1-1.

Roxithromycin (Surlid®, Roussel) 150 mg each, was given orally as tablets. Batch number: H
1032-1-1-1.

The omeprazole/placebo capsules were packed in blister packs, one for each period and subject,
by astra Hissle AB, Mélndal, Sweden. The amoxicillin, erythromycin and
phenoxymethylpencillin were delivered from Astra AB, Sodertilje, Sweden. Roxithromycin was
purchased from the pharmacy (Apoteksbolaget, Goteborg, Sweden).
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SAMPLE COLLECTION:

Blood samples (5 mL) for determination of antibiotics in plasma were collected in heparinized
tubes In each of the experiments blood samples were drawn prior to and at 30
minutes and at 1, 1.5, 2, 2.5,3,4,5,6,7, 8,9, 10, 11 and 12 hours after drug intake, with the
exception of the experiment when phenoxymethylpenicillin was administered the blood samples
were collected up to 8 hours due to its shorter half-life.

ANALYTICAL METHODS: The plasma concentrations of the amoxicillin, erythromycin and
roxithromycin were determined by means of ~ techniques at Bioanalytical
Chemistry, Astra Hissle AB, Mdindal, Sweden

respectively).

The Plasma concentration of phenoxymethylpenicillin was determined by a microbiological
technique based on the cylinder plate method with Micrococcus luteus as test organism at
Infection & Immunology, Preclinical R&D, Astra Arcus AB, Sodertilje, Sweden.

PHARMACOKINETIC/DATA ANALYSIS:

The bioavailability was calculated as the area under the plasma concentration time curve (AUC)
from 0-8 hours after administration of phenoxymethylpenicillin and from 0-12 hours after
administration of the other antibiotics by the trapezoidal method. T,,, and C,,, were also
assessed. An Analysis of Variance (ANOVA) was performed on the log-transformed values of
AUC and C,,,, calculated from plasma concentration of amoxicillin, phenoxymethylpenicillin
and roxithromycin. The model included effects for subject(sequence), sequence, treatment and
period. Separate analyses were made for each penicillin.

The least squares estimate (the estimate that minimises the residual) were calculated for both
omeprazole and placebo separately and also for the ratio of omeprazole and placebo. 93%
confidence intervals were calculated as the least squares estimate + the t-quantile multiplied by
the standard error of the estimate. In a corresponding way 95% confidence intervals for the ratio
were calculated.

Non-parametric statistical methods (Wilcoxon’s rank-sum test) were used for analyzing AUC
and C,,, calculated from plasma concentration of erythromycin, since the variation between the
omeprazole and placebo period differed significantly.

If the p-value for the treatment effect, with respect to either AUC or C_,, in the ANOVA or
Wilcoxon’s rank-sum test was lower than 0.05, The conclusion is a significant difference
between omeprazole and placebo.

The statistical analysis of T,,, Was made in a similar way using non-parametric statistical
methods (Wilcoxon’s rank-sum test).

RESULTS: Eight healthy Caucasian male subjects entered and completed the study. The mean
demographic data are presented in Table 1.

The plasma concentrations after single oral administrations of four antibiotics (amoxicillin,
erythromycin, phenoxymethylpenicillin and roxithromycin) were assessed during placebo and
concomitant treatment with omeprazole 40 mg twice daily for three weeks, respectively. From
the plasma profiles the AUC, C,,, and T, values were calculated for each of the antibiotics.
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Tables 2 shows the individual and the descriptive statistics of the pharmacokinetic parameters for
the eight subjects and the two study periods, respectively. The estimated means and 95%
confidence intervals for AUC and C_,, are shown in Tables 3. Estimate of the ratios of the mean
treatment effects of AUC and C_,,, respectively, and 95% confidence intervals for the ratio of the
mean treatment effects are presented in Tables 10 and 11.

The mean plasma concentrations of amoxicillin versus time profile during placebo and
concomittant treatment with omeprazole are depicted in Figures 1.

DISCUSSION: There was no indication of an increase of the bioavailability when subjects were
given amoxicillin during concomitant treatment with omeprazole, which proves that amoxicillin
is more acid stable than the other antibiotics used in this study, and relatively unaffected when
the pH of the stomach is changed.

Irrespective of the treatment group 23 adverse events were reported for a total of 8 subjects.
Three adverse events were reported for two subjects given omeprazole 40 mg b.i.d. and eight
adverse events were reported for four subjects given omeprazole 40 mg b.i.d. plus antibiotics.

Six adverse eventis were reported for three subjects given placebo and six adverse events were
reported for three subjects given placebo plus antibiotics.

CONCLUSION: The administration of a single oral dose of amoxicillin after pretreatment with

omeprazole did not demonstrate an increase of the bioavailability. However, because assay
validation and quality control data is not available, the study is not acceptable.

APPEARS THIS WAY
ON ORIGINAL
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acd=inistraden

Treatnent Racdn Esdmated 95% C 95% & P-vaiue Signi-
mean lower upoer ficane

Amoxiciilin . Ome/M™a 0.95 0.89 1.02 0.1316

Ervthromycin &) Ome-Pta 1143 784 15.02 00304 .

(wsmoi-n L :

Phenoxvmethvi- Cme/™a 1.0 089 1.19 0.632+

peniciilin

Roxithremyvem Ome./™a 326 1.82 6.38 0.0062 .

a) Wilcoxon s Rank-Sum resr was used in order ' detest a significant differance serween
the Teacent effects with respect 1o AUC and Cpyy Of crvthremyvan.

Table 11 EstSated mea= ratios anc conadence intervais with an over-all 95%
confidence level, for C o, aiter a single oral dose of amoxicillin 730 =
erythremycn base 300 mg shenoxymechylpenicllin 1 g and roxifiromyen
150 mg, rescec=vely, given dusing siaceto (Pla) and omeprazole (Ome)
adminisTazon

Treaznent Rario Esgmated 95%C 95% C  Pevalue Signi-
mean lower  ugper ficant

Amoxicilin Ome/Pla 0.88 0.72 1.07 0.15<2

Ervtircmye 3 Ome-Pha 478 278 678 00304 -

{umoi-n/L)

Phenoxymethyi- Ome./ Pla 13 1.10 1.5% 00136 .

penicilin

Roxithremyen Ome/™a 4.7 206 8.4 0.002% -

a)  Wilcoxon's Rank-Sum test was used in orcer m detect a significan: difierence berween
the rearment effecs with mspect o AUC and Con, - Of crvthromyen.
Mean plasma conc. of amoziciilin inmol/L)

]
40000 <
] —— Placcbe
30000
] \
20000 .
7 \
0 - r . A - . , r —
) 3 2 3 .6 5 & 7 ’ s 18 2
Time ifter adminisrration (h)
Figare 1. Mean amoxicillin plasma mncentrations during placebo and
concomitant treatment with omeprazole (n=8).
15



SN

TITLE: Gastrointestinal transit of amoxicillin modified-release tablets and a placebo tablet,
including pharmacokinetic assessment of amoxicillin (Protocol No. I-1214; Vol. 5: pp. 006-002-
001 to 006-002-253)

INVESTIGATOR:

OBJECTIVES: The study was performed in order to study:
1. The transit time of the amoxicillin MR tablet in different parts of the
gastrointestinal tract during fasting and non-fasting conditions.
2. The influence of tablet shape on the gastric residence time.
3. The disintegration time of the amoxicillin MR tablets.
4. The absorption of amoxicillin as reflected by plasma concentrations of
- amoxcillin given as a MR or IR tablet.

SUBJECTS: Six Caucasian healthy male subjects were recruited. All subjects completed the
study as per protocol and were analyzed accordingly.

STUDY DESIGN: The study was conducted as an open, randomized, cross-over trial consisting
of three study periods. The subjects were initially taken omeprazole 40 mg once daily for five
days in order to reach steady state level in terms of inhibition of acid secretion. During
continuous omeprazole treatment, three experiments were performed in which two labelled
amoxicillin MR tablets 375 mg and a non-disintegrating placebo tablet were administered during
either fasting condition or together with a light or heavy breakfast.
measurements were performed and blood samples were taken repeatedly after administration in
each experiment. In an additional experiement commercially available amoxicillin 750 mg tablet
(Imacillin ®) was given with a light breakfast to obtain plasma profiles for this formulation that
enables comparison to the modified-release tablet with respect to relative bioavailability.
Between the four experiments a wash-out period of at least two days was necessary for the
elimination of amoxicillin. The contents of the standardized meals were as follows:
1. Light breakfast: (approximately 1500 kJ)
2 pieces of bread, 10 g diet margarin, 40 g cheese and 150 mL orange
juice.
2. Heavy breakfast: (approximately 3000 kJ)

3 pieces of bread, 20 g diet margarin, 40 g cheese, 30 g cereals, 200 g

yogurt and 300 mL orange juice.
All subjects took one omeprazole 40 mg capsule each mormning before breakfast, a single dose of
two amoxcillin modified-release tablets 375 mg and one non-disintegrating placebo tablet were
administered together with omeprazole. In an additional experiment Imacillin® was given
during intake of a light breakfast. '
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FORMULATIONS: 1. Amoxicillin modified-release tablets 375 mg, labelled with

(amoxicillin MR). 2. Non-disintegrating placebo tablet, labelled with ({placebo).
Both were manufactured by Astra Hissle AB, Méindal, Sweden. 3. Imacillin® (amoxicillin IR)
was given orally. Each tablet contains 2x350 mg of amoxicillin. Amoxicillin IR was ‘
manufactured by Astra AB, Sweden. 4. Losec® (omeprazole) was given orally as .

granules dispersed in hard gelatin capsules. Each capsule contains 40 mg of omeprazole.
Omeprazole was manufactured by Astra AB, Sweden.

SAMPLE COLLECTION: Blood sampling (5 mL) for the determination of amoxicillin in
plasma were collected at -5, 0, 15, 30, 45 mins, 1, 1.25,1.5,1.75,2,2.5,3,3.5,4,4.5,5,5.5, 6,
6.5,7,7.5,8,9,10, 11, 12, 24 hrs.

ANALYTICAL METHODS: The plasma samples were analyzed for amoxicillin at
Bioanalytical Chemistry, Astra Hissle AB,

PHARMACOKINETIC/DATA ANALYSIS: Plasma concentration time curves of amoxicillin
were assessed for each individual, and C,,,, Ty, AUC were calculated. The log-transformed

and kinetic variables were analyzed using an ANOVA with factors for
subjects, period, treatment and carry over effects. The mean square error from the ANOVA was
used to calculate 95% confidence intervals for each of the food intake conditions as well as for
their ratios and p-values from the corresponding ANOVA were also given.

RESULTS: The tablets were emptied from the stomach within 1.0 h (amoxicillin MR) and 0.6 h
(placebo) in all subjects after administration under fasting conditions. The estimated mean
gastric residence time after administration of a light breakfast was 4.3 h (amoxicillin MR) and
3.0 h (placebo). The estimated mean gastric residence time after administration of a heavy
breakfast was 4.9 h (amoxicillin MR) and 3.5 h (placebo). The gastric residence time of
amoxicillin MR tablets was prolonged by the concomitant intake of breakfast with 4.0 h (light
breakfast) and 4.6 h (heavy breakfast). There are significant differences between fasting and
heavy breakfast p<0.0001 and also between fasting and light breakfast p<0.0001 with respect to
estimated mean gastric residence time. There is no significant difference in gastric residence
time between administration of light and heavy breakfast p>0.05.

The estimated means of small intestinal transit time for fasting subjects were 4.7 h (amoxicillin
MR) and 5.9 h (placebo). The estimated means of small intestinal transit time after
administration of a light breakfast were 4.8 h (amoxicillin MR) and 6.0 h (placebo). After
administration of a heavy breakfast the estimated mean small intestinal transit time was 3.4 h
(amoxicillin MR) and 4.3 h (placebo). There were no significant differences in small intestinal
transit time between any of the three breakfast regimens. The estimated mean colon arrival time
of amoxicillin MR was 4.9, 8.5, and 9.1 hours for fasting, light and heavy breakfast, respectively.
The mean colon arrival time of placebo tablet was 5.4, 9.4 and 10.0 hours for fasting, light and
heavy breakfast, respectively. No evidence of significant differences was found for the estimated
mean colon arrival time for amoxicillin MR and placebo independent of breakfast regimens.
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There were no indications of totally disintegrated amoxicillin MR tablets during the first 12
hours after intake. Twenty-four hours after intake 25% of the tablets was found as partially
disintegrated.

The mean plasma concentrations of amoxicillin MR following administration of three different
breakfast regimens and IR following administration of a light breakfast are shown in Figure 2.
Individual values and estimated mean values for AUC and C_,, are shown in Tables 3 and 4,
respectively. The plasma profiles of amoxicillin MR and IR were similar in shape when
administered during fasting, together with light or heavy breakfast. The AUCs of amoxicillin for
MR formulation were similar during fasting, intake of light and heavy breakfast. However, there
was a statistical significance (Table 6) between the two different formulations of amoxicillin

(MR and IR) for the breakfast regimen evaluated.

CONCLUSION: The study was reviewed. However, because assay validation and quality
control data is not available, the study is not acceptable.

APPEARS THIS WAY
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Figure Z. Mean Stdsind coneentrancn (nmeyl) of amoxicliin
following acrminisrancn Sf amoxicilin MR 2x375 mg with fasting,
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Tatte 3, shows incividual and estimated mean AUC (umatn)
following administraticn of amoxiclin MR 2x375 mg with tasting,
fight and neavy breakias: and acministration of amoxicillin IR
2x375 mg with light brezkias:.
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Susjec Amox MR Amox IR
no F L= =8 L3
1 ]
2
3
4
5 .
8
LSMEAN €83 632 §8.7 1249
95%C! 58.8-79.4 §9.8-30.0 50.5-58.2] 105.7-147.6

Table 4. Indivicual ana estimated mean Cryay (pmolfl) té]lév;ring
agministraticn of amoxicillin MR 2x375 mg with fasting, light and
heavy breakfast and administration af amoxicillin IR 2x375 mg
with light breaidast.

Subject Amax MR Amox IR
no. F L8 HB s _

1

2

3

4

5

6
LSMEAN 13 1.4 a9 29.7
§5%C! 11.3-15.0 9.8-13.1 _7.7-10.2! 254.347

19



BEST POSS!BLE COPY

Figure 2. Mean 31@sMa Soreenirgien \nmeyl) ot amoxicilin

(' AR following acmiriStTaten of amsxcilin MR 2x375 mg with fasang.
o ’ fignt anc heavy Sreakias: anc amexclin IR 2x37S Mg with lignt
preakiast
-; Trmmsara aw— — g,
' —— % Setmanet
! — vy Smsermpi
P! — e Geamnm
<~ <

wemw=0 i~ APOO pJep~" JO]
e

Toww et v wmna 1™

Tatie 3, shicws incivicua! anc astimatec mean AUC (pmaotl)

9nr ,’\D.S ™ 15 W AY following acxmmisnaﬁ:.?n ot an?cxic;!l'u"l MR 2::75 mg wdn fasting.
e fight anc neavy breakias: anc acministraticr of amoxicillin IR
ON ORIGINAL 2275 mg with fight Sreaidas:
} Suciec Armox MR Amox IR '
. ne. = s __ ke | 13 APPEARS THIS waAY
‘ 1 ;
( 2 ON CRIGINAL
N 3 L
- 4
5 .
= s .
- LSMEAN 683 682 3.7 1249
95%C! 53.3-79.4 59.3-30.0 50.3-58.2! 105.7-147 8

Tapie 3. Incividual ana asumnatec mean Cmay (umoll) t&lb&ing
" administraticn of amexicllin MR 2x375 mg witn fasting, light and
heavy breaifast and administration of amaoxicillin IR 2x37S mg

with iight breaitast.

Sunject Amax MR Amex 1R

) no. F t8 W8 |' 3 _ |
3 .
2
3
4 - - -
5
- -]
LSMEAN| 13 1.4 a.e 27
gewc: 1113150 9.3-131 77-1020 25137

19



REST PCSS!BLE COPY

Tapie 5. inciviaual, mean SD and median imax (Nours) following
acministraticn of amaxiciiin MR 2x375 mg with fastng. lignt anc
heavy Sreakfas: and acministration of amexicillin IR 2x375 mg
with ligr Sreaidast.

Sujec Amcx MR Amcx IR

no. .3 8 HB B8 _]
1
: _ .
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: . .
1
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Mean 24 22 23 290
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LSMEAN! 25 22 23 1.8
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TITLE: An interaction study between omeprazole, amoxicillin and clarithromycin (SH-OMH-
0016).Vol. 3, pp.003-001 to 003-216.

INVESTIGATOR:

OBJECTIVE: To investigate potential pharmacokinetic drug-drug interactions between
omeprazole, amoxicillin and clarithromycin after repeated oral administration in healthy subjects.

SUBJECTS: Sixteen healthy male(n=10) and female (n=6) subjects were included.

STUDY DESIGN: The study was an open-label, randomized, four-way, cross-over. The subjects
were given omeprazole, 20 mg bid, amoxicillin, 1g bid, or clarithromycin 500 mg bid, for 7 days
or the triple combination twice daily also during 7 days.

FORMULATIONS: Omeprazole (Losec®, Astra Hissle AB, 20 mg capsules, batch no. H 0431-
14-03-10), amoxicillin (Imacillin®, Smith Klein & Beecham/Astra, 1g tablets, batch no. H 1035-
03-03-01), and clarithromycin (Bremon®, Abbott Laboratories, 250 mg tablets, batch no. H
1031-02-01-06). )

SAMPLE COLLECTION:

A reference blood sample was collected before the study drug(s) were administered. Further
blood samples were taken every 15 minutes up to 2 hours, at 2.5 hours and at 3, 4, 6, 8, 10, and
12 hours post dose on day 7 and on days 5 and 6 in each period. There was a two weeks wash-out
period between each treatment period.

ANALYTICAL METHODS:
The concentration of omeprazole was determined at Bioanalytical Chemistry, Astra Hissle AB,
usinga _ _ method witha' .
Clarithromyicn and 14-hydroxyclarithromycin were determined at using 2

) .method with an i Amoxicillin was analyzed at

"PHARMACOKINETIC/DATA ANALYSIS:

The pharmacokinetic parameters C,,,,, T, AUC, and t,, were determined by non-
compartmental methods using WinNonlin v. 1.1. A mixed analysis of variance model, with the
logarithms of AUC, C,,,, and t,,, one at a time as the dependent variable, was used. All main
effects were tested against the residual error from the ANOVA. The individual log-transformed
mean effects were estimated and 95% confidence intervals were constructed.

RESULTS: The mean plasma concentrations of omeprazole on day 7, both following single
drug treatment and following the combination treatment, are presented in Figure 2. The mean
plasma concentrations of omeprazole are higher after triple drug administration than after single
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drug administration over the whole 12 hour measurement period. This is reflected in a rwo-fold
increase in mean AUC and a 68% increase in mean C,_,, (Table 2) . The t,, of omeprazole was
also slightly longer (32%) while the T,,, did not seem to be altered during triple drug
administration as compared to administration of omeprazole alone.

The mean plasma concentrations of amoxicillin after triple drug administration is slightly higher
(Figure 3) than those obtained after administration of amoxicillin alone. The mean C,,, and
AUC of amoxicillin were higher during triple treatment than during single drug
administration (Table 3). The t,, of amoxicillin could not be determined properly.

The mean plasma concentrations of clarithromycin and of 14-hydroxyclarithromycin are slightly *
higher during triple drug administration than during administration of clarithromycin alone
(Figure 4). The C_,, and AUC of 14-hydroxyclarithromycin were approximately 30% higher
during triple drug treatment than during single drug administration (Table 4). The
pharmacokinetic variables of clarithromycin were not statistically significantly different between
the two treatments.

SAFETY: 37 AEs were reported for all 16 subjects treated with the triple combination of
omeprazole, amoxicillin and clarithromycin. The most common events were diarrhea, headache,
taste perversion, flatulence and respiratory-infection.

DISCUSSION: Sponsor stated that the increased plasma levels of omeprazole is a result of
inhibition of the metabolism of omeprazole caused by clarithromycin treatment. The
prolongation of the elimination half life of omeprazole indicates that not only the first pass
elimination of omeprazole is decreased but also the systemic clearance. Amoxicillin slight
increase in Cmax and AUC may not be clinically significant. The sponsor further stated that the
effects seen during the triple combination on the plasma levels of omeprazole and 14-
hydroxyclarithromycin are judged to be caused by a mutual interaction between omeprazole and
clarithromycin with no influence of amoxicillin.

CONCLUSIONS: The sponsor concluded that the metabolic inhibition by clarithromycin on the
metabolism of omeprazole is not likely to be of clinical importance. And, the slightly increased
plasma levels of 14-hydroxyclarithromycin and of amoxicillin observed during combined
treatment is probably of no major clinical significance. Therefore, treatment with a combination
of omeprazole, clarithromycin, and amoxicillin during a seven days is safe and well tolerated.
However, because assay validation and quality control data is not available, the study is not
acceptable. :
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C.. (uM) _ (h) ALC xu.'\d"'u
Amox:Silin aicne (A 280 1.53 L
95% C/mange =030 1.£0-3.20
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Figure £ The mean (SEM) olas“.a concencadens of clarithromyvan and its
14—’*v<:.cx» -memabolite on day 7, both ‘ollowing adminisTa ation of
c.a..‘d":::::v_., 500 mg bic. alone (C) ané in. combinadon (OCA) with
oregra=oie 20 mg bxc‘.) and amoxicillia {1 g bid) (n=19).

Table 4. Prharmacokinesic variables \geﬂr:e'::c mearn values with 95%

corfidence intervals (CT) for C,_, AUC and t,,, median and range for t,,)

of larithromycin and 14-hydroxyclarithiromydin following repeated
adiniscagon of Ja::.*.‘xromvc:r 500 mg twics daily either alone (Qoras
trinle treatment in coribination with cmeorazole and amoxicillin (OCA).

C_ . (M) t__ (h) AUC (gM~h) _t_(h)

Clarithromycn ]

Clarithrcmiycin alone (C) 308 230 52 5.13
95% C1/range 233-370 1.00-5.00 12:2-28.0 4.39-5.14
Clarithromyen wriple (OCA) 342 230 6.4 29
95% Cl/rarge 283-3.14 1.50-3.00 21.9-31.9 359-5.3
Rado OCA/C 112 10 1.14 084
95% 2 0.82-1.40 ND 0.85-136 0.£5-1.08
14-Hydroxyciarithromycin

Clarithromyven alone (C) 1.13 230 10.4 928
95% CI/range 0.98-12% 0.73-5.00 9.18-118 - 745-1129
Clarithromyen triple (OCA) 147 300 14.0 731
95% CI/rang= 128-:.58 1304.20 124158 6.01-8.8¢9
Ratio OCA/C 131 12 134 079
95% CI - 1.08-158 ND 1.15-137 0.50-1.04
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